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and a solvent. Furthermore, each of the dark color inks 
either co not contain a fine polymer particle or contain 
a fine polymer particle in smaller quantity than the light 
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Description 

BACKGROUND OF THE INVENTION 
5 1 , Field of the Invention 

[0001] This invention relates to an ink set for use with ink jet recording, and more particularly to an ink set for use 
with ink jet recording, ink jet recording method, and recording apparatus that are capable of forming a text and/or an 
image exhibiting excellent color production and smear resistance, whether using an ordinary paper or a special ink jet 
10 recording paper, and to a recording image made thereby. 

2, Description of the Related Art 

[0002] With the revolutionary advances being made in ink jet recording technology in recent years, it has become 
15 possible to output a full-color image comparable to a photograph, and a color ink jet recording apparatus has come to 
dominate the consumer marker for the recording apparatus. In general, an ink set having at least four colors, namely 
black, yellow, magenta, and cyan, is loaded into the color ink jet recording apparatus, with most of the inks in these 
ink sets being a dye ink. A pigment ink is superior to the dye inks in terms of printed image fastness, that is, light 
resistance, gas resistance, and water resistance, and there exists a demand for the ink set that takes full advantage 
20 of those properties. Ink set has recently come on the market, which employs a pigment (carbon black) only for the 
black ink and uses dyes in the color inks, but no color pigment ink sets comprising all pigment inks have been marketed 
to date, which are capable of forming the text and/or image which excel in color production and smear resistance. 
[0003] The recording media used in ink jet recording technology include the ordinary paper, typified by a PPC paper 
(and in the present invention means paper in which no particular consideration has been taken into ink jet recording 
25 properties), and a special ink jet recording paper (hereinafter referred to merely as "special paper") wherein an ink 
receiving layer is provided on a substrate comprising a high-quality paper or the like. 

[0004] In general, there is a long-felt demand for the formation of the text and/or images exhibiting excellent color 
production and smear resistance on recording media such as the ordinary paper and the special paper, The ordinary 
paper is superior to the special paper in terms of smear resistance, but inferior in terms of color production. For this 

30 reason, for such a ordinary paper, the ink has been required to have large amounts of the pigment added, while needing 
only small amounts of additives such as a fine polymer particle to enhance smear resistance. The special paper, on 
the other hand, while superior to the ordinary paper in terms of color production, is inferior in terms of smear resistance. 
For the special paper, therefore, the ink has been required to have large amounts of additive for enhancing smear 
resistance, while needing only small amounts of the pigment added. Japanese Patent Application Laid-Open No. 

35 H4-1 8462/1 992 discloses, for example, an ink which is suitable for use with the ordinary paper, and which is made to 
contain a micro-emulsion wherein the smear resistance enhancer(fine polymer particle) is made a dispersion. With 
this ink, however, the text and/or image having adequate smear resistance in practice could not be formed on the 
special paper. 

[0005] For an ink jet recording system capable of forming the text and/or image showing excellent color production 
40 and smear resistance on either the ordinary paper or the special paper, one is conceivable that has one ink set con- 
figured only from inks suitable for the ordinary paper, and another ink set configured only from inks suitable for the 
special paper, wherewith the ink set is changed according to the recording media to be recorded. Given the trouble- 
someness of having to change the ink set, however, such a system is not fully practicable. 

45 SUMMARY OF THE INVENTION 

[0006] An object of the present invention is to provide an ink jet recording ink set, together with an ink jet recording 
method and a recording apparatus therefor, capable of forming a text and/or an image having excellent color production 
and smear resistance, using either the ordinary paper or the special paper with the same system (that is, a system 

so that does not require the operation of changing the ink set to match the recording media to be used), thus broadening 
the range of recording media that can be selected, as well as a recording image made therewith. 
[0007] The above object is attained with an ink jet recording ink set comprising: light color inks of a plurality of colors, 
each of the light color inks having at least a pigment, a solvent and a fine polymer particle; and dark color inks of a 
plurality of colors, each of the dark color inks having at least a pigment and a solvent, wherein said each of the dark 

55 color inks either do not contain a fine polymer particle or contain a fine polymer particle in smaller quantity than said 
light color inks, and the ink jet recording method and the recording apparatus that use the above ink set, together with 
the recording image made therewith. 

[0008] According to the ink jet recording ink set of the present invention, the text and/or the images showing excellent 
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color production and smear resistance can be formed therewith, with the same system, whether using the ordinary 
paper or the special ink jet recording paper as the recording media. 

[0009] According to the ink jet recording ink set of the present invention, moreover the viscosity and solid part density 
of each of the inks of different colors can be adjusted so that they become almost identical between the inks of different 
5 colors, thereby making it easy to effect discharge control in terms of frequency dependence and discharge volume 
dependence, etc., in ink discharges of different inks. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

10 [0010] A detailed description is now given of the ink jet recording ink set of the present invention. 

[0011] The ink jet recording ink set of the present invention, as described above, has light color inks of a plurality of 
colors and dark color inks of a plurality of colors. 

[001 2] By "light color ink* is herein meant an ink of light color, and, when there are inks of two colors having the same 
hue but the different color density in the ink set, refers to the ink of lighter color. These light color inks form the text 
15 and/or the image exhibiting excellent color production, and are capable of producing a brilliant print, particularly on the 
special paper. 

[0013] By "dark color ink." on the other hand, is herein meant an ink of dark color, and, when there are inks of two 
colors having the same hue but the different color density in the ink set, refers to the ink of darker color. These dark 
color inks are inks that form the the text and/or the image having excellent color production and are capable of producing 

20 a dark print, on the ordinary paper as well as on the special paper. 

[0014] By "ordinary paper" is herein meant, moreover, a paper wherein no particular consideration has been taken 
into ink jet recording properties, typified by the PPC paper. By "special paper" is herein meant a recording media for 
ink jet recording wherein an ink receiving layer is provided on a substrate comprising a high-quality paper or the like. 
These special papers include so-called "swelling type paper" that has a water-soluble resin such as a polyvinyl alcohol 

25 contained in the ink receiving layer, and "absorbing type paper" that has a porous material such as an amorphous silica 
contained in the ink receiv ng layer. 

[001 5] A favorable combination of the light color inks of a plurality of colors and dark color inks of a plurality of colors 
according to the ink jet recording ink sets of the present invention is described below. 

[0016] When making an ink jet recording ink set having inks of 6 colors, the light color inks of the plurality of colors 
30 include light cyan, light magenta, and yellow inks, while the dark color inks of the plurality of colors include black, cyan, 
and magenta inks. 

[001 7] When printing using this ink set. the three colors of dark color inks and the yellow ink are mainly used for the 
ordinary paper. For the special paper, however, the three colors of light color inks are mainly used, and for the black 
color a composite black made from the three colors of the light color inks is used. The term "mainly used" will be 
35 described below for specif c aspects, 

[0018] When the ink jet recording ink set is made to have 7 colors, the light color inks of the plurality of colors include 
light cyan, light magenta, and yellow inks, while the dark color inks of the plurality of colors include black, cyan, magenta, 
and dark yellow inks. 

[0019] When this ink set is used in printing for the ordinary paper, the four colors of the dark color inks are mainly 
40 used, while, for the special paper, the three colors of the light color inks are mainly used, with a composite black made 
from the three colors of the light color inks used for the black color. 

[0020] Similarly, when the ink jet recording ink set is made to have 7 colors, the light color inks of the plurality of 
colors include light black, light cyan, light magenta, and yellow inks, while the dark color inks of the plurality of colors 
include black, cyan, and magenta inks. 

45 [0021] When this ink set is used in printing for the ordinary paper, the three colors of the dark color inks and the 
yellow ink are mainly used, whereas, for the special paper, the four colors of the light color inks are mainly used. 
[0022] When the ink jet recording ink set is made to have 8 colors, the light color inks of the plurality of colors include 
light black ink, light cyan ink, light magenta ink, and yellow ink (or light yellow ink), while the dark color inks of the 
plurality of colors are black ink, cyan ink, magenta ink. and dark yellow ink (or yellow ink). 

so [0023] When this ink set is used in printing for the ordinary paper, the four colors of the dark color inks are mainly 
used, whereas, for the special paper, the four colors of the light color inks are mainly used. 

[0024] Among these ink jet recording ink sets, the ink jet recording ink set having the 8 colors of inks is preferable 
because the text and/or the image exhibiting particularly excellent color production are formed therewith, but the ink 
sets may be selected appropriately according to printing cost and the ink jet recording apparatus wherein it is to be 
55 loaded, etc. 

[0025] In the light color inks of the plurality of colors and dark color inks of the plurality of colors according to the 
present invention, each contains at least a pigment and a solvent. Each of light color inks also contains a fine polymer 
particle, but each of the dark-color inks either does not contain the fine polymer particle or contains the fine potymer 
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particle in smaller quantities than the light color inks. What is meant herein by "each of the dark color inks contains the 
fine polymer particle in smaller quantities than the light color inks" is that the quantity of the fine polymer particle 
contained in the ink of the light color inks of the plurality of colors containing the smallest quantity of the fine polymer 
particles is greater than the quantity of the fine polymer particle contained in the ink of the dark color inks of the plurality 

5 of colors containing the largest quantity of the fine polymer particle. 

[0026] As mentioned above, the quantity of the fine polymer particle contained in the light color inks is different from 
that contained in the dr.rk color inks. More specifically, the light color inks contains 0.5 to 10 wt% of the fine polymer 
particle, preferably r 5 to 8 wt". thereof while the dark color inks contain 0 to 5 wt% of the fine polymer particle, 
preferably 0.5 to 3 '^coi It no amount of the fine polymer particle contained in the light color ink exceeds 5 

10 wt%, clogging rcnd'S :x^'s particularly in nozzle heads that employ electrostrictive devices due to an increase in 
the solid portion Wn- "v Qjaniity of the fine polymer particle contained in the dark color ink is less than 0.5 wt%, 
there is little effective . «- improving smear resistance, and no improvement in smear resistance is almost observed 
even though a conic^ " '«ne particle exceeds 10 wt%. 

[0027] In addition • • -r • recording ink set can be provided that is capable of forming the text and/or the image 
15 on the ordinary papc- : paper with the same system, even when the following relationship holds between 

the light color inks ana :^ c so m** m^is when the ink jet recording ink set of the present invention comprises 
light color inks of a pi^M *v coo's color inks of a plurality of colors having the same hues as in the colors 

of the light color inks \r. K urp: coio* m*& ccntmn the pigment, fine polymer particle and solvents, the dark color inks 
contain the pigment anj jr H . solvent t- niicnMtively, the pigment, the fine polymer particle, and solvents, the solid 
20 material weight percent m nu v«nujb _uiut> u» ink in the light color inks when the pigment and fine polymer particle 
are made solid materials is presented ns X rind the solid material weight percentage of the dark color inks of the 
same hues as the colors of tnc light color inks is represented as Y %, the relationship 



08 -X <Y< 1.2-X (1) 

25 

holds. Preferably, the relationship between X and Y may be such that 0.85 • X < Y £ 1 .1 5 • X, and more preferably such 
that 0.9 • X <, Y £ 1.1 -X Outside the range ol the formula (1) relationship, it becomes more difficult to match the 
viscosities of inks between the light colors and dark colors of the same color, both ink recording quality and discharge 
30 stability are adversely affected, and practical levels can not be reached. 

[0028] In a combination of ink jet recording ink sets having the relationship noted above, the light color inks of the 
plurality of colors include light black, light cyan, light magenta, and light yellow inks, while the dark color inks of the 
plurality of colors include black, cyan, magenta, and yellow inks. 

[0029] For the polymer constituting the fine polymer particle mentioned in the foregoing, one is desirable that is 
35 water-insoluble or very slightly water-soluble, capable of enhancing the fixation of the pigment ink onto the recording 
media, particularly onto the special paper, and capable of forming the text and/or the image showing excellent smear 
resistance onto the special paper. 

[0030] Examples of such polymers include a polymer selected from the group consisting of acrylate-base, methacr- 
ylate-based, styrene-based, urethane-based, acrylamide-based, epoxide-based polymers. These polymer may be 

40 used alone or in combination thereof. More specifically, use may be made of styrene, tetrahydrofurfuryl acrylate, butyl 
methacrylate, (a-2, 3, or 4)-alkyl styrenes, (a-2, 3, or 4)-alkoxystyrenes, 3, 4-dimethylstyrene, a-phenylstyrene, divi- 
nylbenzene, vinylnaphthalene, dimethylamino(meth)acrylate, dimethylaminoethyl-(meth)acrylate, dim ethyl ami nop ro- 
pyl acrylamide, N,N-dimethylaminoethyl acrylate, acryloylmorpholine, N s N-dimethyl acrylamide, N-isopropyl acryla- 
mide, N.N-diethyl acrylamide, methyl (meth)acrylate, ethyl (meth)acrylate, propyl (meth)acrylate, ethylhexyl (meth) 

45 acrylate' and other alkyl (meth) aery lates, methoxydiethylene glycol (meth)acrylate, diethyleneglycols having an ethoxy, 
propoxy.. orgroups, polyethyleneglycol (meth)acrylate, cyclohexyt (meth)acrylate, benzyl (meth) acrylate, phenoxyethyl 
(meth)acrylate, isobonyl (meth)acrylate, hydroxyalkyl (meth)acrylate, and other fluorine-containing, chlorine-contain- 
ing, or silicon-containing (meth)acrylates, (meth)acrylamides, and maleic acid amides. When a crosslinked structure 
besides a monofunctional structure such as (meth)acrylic acid is introduced, examples used in the present invention 

so include (meth)acrylates such as (mono, di, tri, tetra, pofy)ethyleneglycol di(meth)acrylates, 1,4-butanediol, 1,5-pen- 
tanediol, 1 ,6-hexanediol, 1 ,8-octanediol, and 1,10-decanediol, and the other (meth)acrylate, trimethylolpropane tri 
(meth)acrylate, glycerin (di, tri) (meth) aery lates, di(meth)acrylate of ethyleneoxide adducts of bisphenol A or F, neo- 
pentylglycol di(meth)acrylate, pentaerythritoltetra(meth)acrylate, and dipentaerythritol hexa(meth)acrylate or the like. 
[0031] In terms of dispersion stability of the inks, the fine polymer particle as noted above may have a mean particle 

55 size of from 50 to 250 nm, preferably from 60 to 120 nm. 

[0032] The above fine polymer particle having either a single-phase structure or multi-phase structure (core-shell 
type) can be used, but, in terms of dispersion stability of the inks, the core-shell type is particularly desirable. 
[0033] In terms of film formability at room temperature and ink stability, the glass transition temperature (Tg) of the 
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fine polymer particle is preferably between -10 and 25°C, more preferably between -5 and 15°C. 
[0034] Tg is measjred according to J IS K 6900. 

[0035] The fine pclymer particle noted in the foregoing is mixed into the inks of the present invention in emulsion 
form. By "emulsion" :s herein meant a water-based dispersion liquid of the fine polymer particle, where the dispersion 

5 modi jm is water and the dispersing material is formed of the fine polymer particle. 

[0036] H is preferred that in terms of film formability at room temperature, this emulsion exhibits a minimum film 
lo-manon temperature (MFT) of 20°C or lower, more preferably from -5 to 10°C. For the method of making the MFT 
o f the cm jisicn with n tne range noted above, in addition to the method of making the Tg of the fine polymer particle 
* !— ',t- :e< nctcd above, a method wherein a commercially available MFT depressing agent is used may be 

10 «z \ ■ 

[0037] v * ■ - v ^surec according to JISK 6800. 

[OOMi : «c that the emulsion be anionic, in terms of the dispersion stability of self-dispersing pigments 

> r * . ■■-r- the same point of view, when a pigment having a cationic surface (such as one dispersed 

vs ■ • . - ,.:•#* surface treatment; for example) is used, it is preferable that that emulsion be cationic. 

J5 [oaj*; '"c emulsion is made as follows. 

( r v • ■ v « *■ ; Lmulsion) 

[0040] ■ - vl-sscI equipped with a dropping apparatus, a thermometer, a cold-water reflux condenser, 

20 rtiu^. • >.s-, ' ion exchange water are introduced and, while stirring at a temperature of 70°C under a 

nitre ■;>•' -i - ; • . . jrtn of an initiator is then added. This is caused to undergo a polymerization reaction by 
ada- ;-.!■.; .i . : -i : -i ca monomer solution. Thus the primary substance is prepared. Then, at a temperature of 
70 W C t. i - - , :..t : -«n:c s added 2 parts of a 10% aqueous solution of the initiator, while stirring, and then a 
scp.i m:^', pv: : '£ liquid is added and a polymerization reaction is induced, while stirring, to yield a polym- 
25 en/.< i' -o k.' .' j..' T n i\ polymerization reaction product is neutralized with a neutralizing agent and adjusted 
to « r- :■' ri.M ' con with a 0.3 jam filter to remove the coarse particles, thus yielding the emulsion having 
the f«nc :oirr ch-v* lo^cnbcd earlier as the dispersing material. 

[0041 ] ir.f in,- m<:v - — tpn nr^ove. one like that used in ordinary radical polymerization may be employed, examples 
thoroo! incuov pouss:./- .oofsullate. ammonium persulfate, hydrogen persulfate, azobisisobutyronitrile, benzoyl per- 
30 oxide dou*yi ocroioe rcMcetic acid, cumene hydroperoxide, t-butyl hydroxyperoxide, and paramenthane hydrox- 
yporoxidc or me I Ke in p^TicjU'. as noted earlier, when the polymerization reaction is done in water a water-soluble 
polymer /rt'.ior sinne? * r'cterHble. 

[0042] Examples c' \?c cmuisifier used in the polymerization reaction described above include, in addition to sodium 
laury sU!a:c and pcussium HU7! sulfate, a substance that is generally used as an anionic surfactant, a non-ionic 

35 surfactant and an rimpnotenc surfactant or the like. 

[0043] Examples of n ch-un transfer agent that can be used in the polymerization reaction described above include 
t-dodccyJ mercaptan n oodccyl mercaptan. n-octyl mercaptan, xanthogens such as dirnethylxanthogen disulfide, di- 
isobutylxanthcgen d sulfide cipentene. indene. 1 .4-cyclohexadiene, dihydrofurane, andxanthene or the like. 
[0044] For the pigments used :n the present invention, the same as those in this type of ink are used. Examples of 

-*o such organic pigments mc udo a^o lake, a insoluble azo pigment, a condensed azo pigment, a chelate azo pigment, 
a phthabcyan:ne pigment a perylene pigment, a perinone pigment, a quinacridone pigment, a thioindigo pigment, an 
isoindolynonc pigment a qumofuralone pigment, a dioxazine pigment, an anthraquinone pigment, an nitro pigment, 
an niiroso pigment, and aniline black, and an inorganic pigment such as titanium white, zinc white, lead white, carbon 
blacks, red iron oxide vermilion, cadmium red, chrome yellow, ultramarine blue, cobalt blue, cobalt violet, and selsyn 

45 blue or the like. Even p gmcnts which are not noted in the color index can be used if they are dispersable in a water 
phase. Of these, the use of azo lake, the insoluble azo pigment, the condensed azo pigment, the chelate azo pigment, 
the phlhdlocyanine pigment, the perylene pigment, the perinone pigment, the quinacridone pigment, the thioindigo 
pigment, the isoindclynone pigment, the quinofuralone pigment, the dioxazine pigment, the anthraquinone pigment 
and carbon blacks is particularly desirable. By "pigment," moreover, is herein meant a granular solid that is insoluble 

50 in water, other solvents oil or the like. 

[0045] In terms of ennancing the dispersion stability of the pigments in the inks, it is preferable that the pigments 
noted above be cither a sclf-dispcrsing pigment or a dispcrsant-dispcrsing pigment. 

[0046] By "self-dispersing pigment" is herein meant a pigment that can disperse uniformly in an aqueous ink even 
without the admixture of a separate dispersant, being such as have in the surface thereof one or more functional groups 
55 (dispersability impar.ing groups) selected from the group consisting of a carboxyl group, a carbonyl group, a hydroxyl 
group, and a sulfonic acid group. An ink wherein such self-dispersing pigment is mixed exhibits high dispersion stability, 
compared to an ordinary ink wherein the non-self-dispersing pigment and the dispersant are mixed, and produce the 
ink of suitable viscosity, so that it becomes possible to cause more pigment to be contained, and text and/or the image 
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exhibiting excellent color production can be formed, particularly on the ordinary paper. With the ink wherein such self- 
dispersing pigments are mixed, furthermore, there is no decline in fluidity when a penetrating agent (described below) 
effective in enhancing record quality is mixed in, whereby print quality can also be improved by using such a penetrating 
agent. 

5 [0047] For example, the self-dispersing pigment described above is prepared as follows. 

(One Method for Preparing Self-Dispersing Pigments (Pigment Surface Oxidation Treatment)) 

[0048] The pigment is added to a solvent, and this is either dispersed by high-speed shearing with a high-speed 
10 mixer or the like, or impact-dispersed with a bead mill or jet mill or the like to produce a slurry form of the pigment 
dispersion liquid. While gently stirring such pigment dispersion liquid, a treating agent containing sulfur (such as sul- 
famic acid, fuming sulfuric acid, chlorosulfuric acid, fluorosulfuric acid, or amide sulfuric acid) is added thereto, the 
pigment dispersion liquid is thermally treated at 60 to 200°C, and a dispersability-impariing group is intoroduced into 
the pigment surface. After removing the solvent from this pigment dispersion liquid, water washing, ultrafiltration, re- 
15 verse osmosis, centrifuging, and filtration and the like are repeatedly performed and the treating agent containing sulfur 
is removed, whereupon the self-dispersing pigment is obtained. 

[0049] By "dispersant dispersing pigment" is meant a pigment that can be uniformly dispersed in an aqueous ink by 
means of a dispersant (either a dispersant of high molecular weight such as a styrene-acrylic acid dispersant, or a 
surfactant type dispersant). Examples of such dispersants include Johncryl dispersants (made by Johnson Polymer) 
20 and Hiranol dispersants (made by Daiichi Kogyo Seiyaku Co., Ltd.), with the styrene-acrylic acid type dispersants of 
high molecular weight being particularly preferred. 

[0050] In terms of enhancing ink storage stability and preventing nozzle clogging, the mean particle size of the pig- 
ment is preferably between 50 and 150 nm i more preferably between 60 and 120 nm. 

[0051] The pigment may be contained in the light color inks in a quantity of from 0.01 to 1 0 wt%, preferably from 0.1 
25 to 5 wt%, and in the dark color inks in a quantity of from 1 to 20 wt%, preferably from 3 to 8 wt%. In terms of making 
relatively dark printing possible on the ordinary paper, in the dark color inks, as necessary, more pigment can be mixed 
according to an extent that the quantity of fine polymer particles is made less. 

[0052] When the quantity of the pigment contained in the fight color inks is less than 0.01 wt%, the density of printed 
text or image is inadequate on the special paper, not to mention on the ordinary paper. When that quantity exceeds 
30 1 o wt%, on the other hand, the ink ceases to be light color ink. When the quantity of the pigment contained in the dark 
color inks is less than 1 wt%, that ceases to be dark color ink, whereas when the quantity exceeds 20 wt%, a significant 
improvement in printed text and image density cannot be realized and such problems as reduced ink liquid stability 
take place. 

[0053] It is further desirable that the combined quantities of the pigment and the fine polymer particle contained in 
35 the dark color inks and the light color inks according to the present invention be 5 to 1 5 wt% : respectively, with a range 
of 6 to 12 wt.% being preferred. By making the total of the pigment and the fine polymer particle in the ink within such 
range, ink discharge stability is enhanced, particularly in nozzle heads that employ elec:rostrictive devices. 
[0054] For the solvent used in the present invention, water is preferred, with ion exchange water being even more 
preferable. 

40 [0055] Other solvents can be used in combination with water, however, forthe solvent. Such additional solvents may 
be miscible with water, enhance ink penetration to the recording media, help prevent nozzle clogging and enhance the 
solubility of such components as penetrating agents (described subsequently) in the ink. Examples of such solvents 
include alkyl alcohols having 1 to 4 carbons, such as methanol, ethanol, butanol, propanol, and isopropanol, glycol 
ethers such as ethyleneglycol monobutyl ether, ethyleneglycol monomethyl ether acetate, diethyleneglycol monomethyl 

45 ether, diethyleneglycol monoethyl ether, diethyleneglycol mono-n-propyl ether, ethyleneglycol mono-iso-propyl ether, 
diethyleneglycol mono-iso-propyl ether, ethyleneglycol mono-n-butyl ether, ethyleneglycol mono-t-butyl ether, diethyl- 
eneglycol mono-t-bulyl ether, 1 -methyl-1 -methoxybutanol, propylene glycolmonomethyl ether, propylene glycolmonoe- 
thyl ether, propyleneglycol mono-t-butyl ether, propyleneglycol mono-n-propyl ether, propyleneglycol mono-iso-propyl 
ether, dipropyleneglycol monomethyl ether, dipropyleneglycol monoethyl ether, dipropyleneglycol mono-n-propyl ether, 

50 and dipropyleneglycol mono-iso-propyl ether or the like, and formamide, acetoamide, dimethyl sulfoxide, sorbite, sorb- 
itane, acetine, diacetine, triacetine, and sulfolaneorthe like, which maybe used alone or in combinations of two or more. 
[0056] As described above, the ink jet recording ink set according to the present invention comprises light color inks 
of the plurality of colors and light color inks of the plurality of colors, and by adjusting the quantities of fine polymer 
particle contained in these inks and using them selectively according to the type of recording media used, the text and/ 

55 or the image exhibiting excellent color production and smear resistance can be formed, whether using the ordinary 
paper or the special paper. According to need, however, an acetyieneglycol type surfactant can also be mixed in order 
to enhance print quality, an penetrating agent or a surfactant can also be mixed to further enhance the smear resistance 
of recorded text and images, and a water-soluble glycol, saccharide, a mildew retardant, a preservative can further be 



6 



BNSOOClD <EP 11A8103A1 I > 



EP1 148 103 A1 

mixed to prevent nozzle clogging. 

[0057] Examples of such acetylene glycol surfactants that can be mixed into the light color inks and dark color inks 
according to the present invention include 2,4,7,9-tetramethyl-5-decyne-4,7-diol, 3,6-dimethyl-4-octyne-3,6-diol, and 
3,5-dimethyl-1-hexyne-3-ol. as well as a substance formed by adding an average 1 to 30 ethyleneoxy groups or pro- 
5 pyleneoxy groups to the pluralities of hydroxyl groups in the substance, respectively. These may be used alone or in 
combination of two or more. 

[0058] The quantities of these acetylene glycol surfactants contained may, whether in the light color inks or the dark 
color inks, be preferably between 0.5 and 3 wt%, more preferably from 0.5 to 1 .5 wt%. 

[0059] The penetrating agent capable of being mixed in the light color inks and dark color inks according to the 
10 present invention may be one or more selected from a group consisting of diethyleneglycol mono-n-butyl ether 
(DEGmBE). diethyleneglycol mono-t-butyl ether (DEGmtBE), triethyleneglycol mono-n-butyl ether (TEGmBE), propyl- 
eneglycol mono-n-butyl ether (PGmBE) : dipropyleneglycol mono-n-butyl ether (DPGmBE), and a compound expressed 
by the general formula (1) below, with DEGmBE, TEGmBE, DPGmBE, and the compound expressed by the general 
formula (I) below being parricularly preferred. In the general formula (I) below, m and n indicate presence in the system, 
is while PO and EO may be added in a block or randomly. 

- (I) RO-(PO) m -(EO) n -H 

20 wherein R indicates an alkyl group having 4 to 10 carbons, PO represents a propylene oxy group, and EO represents 
an ethylene oxy group, and m > 1 , n > 0, and m + n < 20. 

[0060] The quantity of the penetrating agent contained may be preferably between 1 and 20 wt%, preferably between 
3 and 1 0 w:% in the light color inks, and preferably between 1 and 20 wt%, more preferably between 2 and 1 0 wt% in 
the dark color inks. When the quantity contained is less than 1 wt%, ink penetrability declines, and the ink cannot be 
25 effectively prevented from blurring, whereas when the quantity is more than 20 wt%, the fast-drying property of the ink 
deteriorates, and there may be possibility of occurrence of blurring. 

[0061] As the surfactant that can be mixed into the light color inks and dark color inks according to the present 
invention, examples of amphoteric surfactants include lauryl dimethylamino acetic acid betaine, 2-alkyl-N-carboxyme- 
thyl-N-hydroxyethyl imidazolinium betaine, coconut oil fatty acid amide propyl dimethylamino acid betaine, polyoctyl 

30 polyaminoethyl glycine, and other imidazoline derivatives or the like. Examples of nonionic surfactants include poly- 
oxyethylene nonylphenyl ether, polyoxyethylene octylphenyl ether, polyoxyethylene dodecylphenyl ether, polyoxyeth- 
ylene alkylallyl ether polyoxyethylene oleyl ether, polyoxyethylene lauryl ether, polyoxyethylene alkyl ether, polyoxy- 
alkylene alkyl ether and other ethers, polyoxyethylene oleic acid, polyoxyethylene oleic acid ester, polyoxyethylene 
distearic acid ester sorbitan laurate, sorbitan monostearate, sorbitan monooleate : sorbitan sesquioleate, polyoxyeth- 

35 yiene monooleate, polyoxyethylene stearate, and other esters, as well as fluorine-based surfactants containing other 
fluoroalkyl esters or perfluoroalkyl carbonates or the like. These surfactants can be used alone or in combination of 
two or more. 

[0062] Examples of water-soluble glycols that can be mixed into the light color inks and dark color inks according to 
the present invention include ethylene glycol, diethylene glycol, triethyleneglycol, tetraethylene glycol, propylene glycol, 

40 dipropylene glycol, tripropylene glycol, polyethylene glycols having a molecular weight of 2000 or less, 1 ,3-propylene 
glycol, isopropylene glycol, isobutytene glycol, 1 ,4-butanediol, 1 ,3-butanediol, 1 ,5-pentanediol, 1,6-hexanediol, glyc- 
erin, mesoerythritol, and pentaerythritol, which can be used alone or in combination of two or more. 
[0063] The quantity of such water-soluble glycol contained may be between 5 and 20 wt%, more preferably between 
8 and 15 wt% in the light color inks, and between 5 and 30 wt%, more preferably between 1 0 and 20 wt% in the dark 

45 color inks. 1 

[0064] Examples of the saccharides that can be mixed into the light color inks and dark color inks according to the 
present invention include glucose, mannose, fructose, ribose, xylose, arabinose, lactose, galactose, aldonic acids, 
glucitose, maltose, cellobiose, sucrose, trehalose, maltotriose, alginicacid and salts thereof, cyclodextrinws, and cel- 
luloses, which can be used alone or in combination of two or more. 

so [0065] The quantity of such saccharide contained may be preferably between 0 and 1 0 wt%, more preferably between 
2 and 6 wt% in the light color inks, and preferably between 0 and 15 wt%, more preferably between 2 and 10 wt% in 
the dark color inks. 

[0066] Examples of mildew retardants and preservatives that can be mixed into the light color inks and dark color 
inks according to the present invention include sodium benzoate, sodium pentachlorophenol, sodium 2-pyridinethiol- 
55 1 -oxide, sodium sorbinate, sodium dehydroacetate, and 1 ,2-dibenzenethiazoline-3-one (Proxel CRL, Proxel BDN, 
Proxel GXL Proxel XL-2, and Proxel TN, made by Avecia), which can be used alone or in combination of two or more. 
[0067] The quantity of such mildew retardants and preservatives contained may be preferably between 0.01 and 0.5 
wt%, more preferably between 0.03 and 0.1 wt% in the light color inks and the dark color inks. 
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[0068] In addition, as may be necessary, various other additives can be included in the light color inks and dark color 
inks acording to the invention. Examples thereof include a surface tension adjuster, a pH adjustor, a viscosity adjuster, 
an anti-oxidant. a UV absorbent, a defoaming agent a chelating agent, and an oxygen-absorbent, which can be used 
alone or in combination of two or more. 
5 [0069] In terns of enhancing the discharge stability of the light color inks and dark color inks according to the present 
invention a surface tension thereof, respectively, may be preferably between 28 and 40 mN/m, more preferably be- 
tween 30 and 34 mN/m. The surface tension adjustor noted above can also be added in order to adjust the surface 
tension within tnese ranges. 

[0070| Sw-Sice torsion is measured according to JIS K 3211. 

io [0071] <•■ „ ..- tsi- wncrethesurfaceofthepigmentisanionic.thepHofthelightcolorinksanddarkcolorinksaccording 
: •> . : ."*-:ion may be preferably made 7 to 11 , and more preferably 8 to 10, in terms of enhancing the print 
a. • . * , . *.:.tDiiiiy For the pH adjustor used to adjust the pH within those ranges, an inorganic base such as 

j, j ; oMssium hydroxide, or lithium hydroxide, or ammonia, triethanolamine, ethyldiethanolamine, or 

'j,--,.--, • , a tertiary amine having 6 to 10 carbons can be added. 

15 [007?| -/--'oving the discharge stability of the light color inks and dark color inks according to the present 

, nvt vq«c therein may be made 2 to 10 mPa-s, with a range of 3 to 6 mPa-s being particularly 

pi-v.- : ■ ■ vscosity adjustors which can be used tor adjusting the viscosity within those ranges include 

ros.-.. .;*.»: wtnyi alcohols, hydroxy propyl cellulose, carboxymethyl cellulose, hydroxyethyl cellulose, me- 
ln/i . ... . , i K rtjidsals. polyvinylpyrrolidones, and arabia rubber starches or the like. As wil; be described 

20 bdu* -* ? '.<•■«< » rt'sd coloi reproducibility can be also enhanced by adjusting the solid portion concentration 
in cn. r c---< - r" ^ -'0' ,n ks and dark color inks. 

[0073] A.- ; . ~ cr v j t j- preparing the light color inks and dark color inks according to the present invention, a 
ccmn0 ni v guct as a ball mill, a sand mill, an attriter, a basket mill, or a roll mill can be used in this 

prcp.«'.»t'0" i- t"ci;.r.i!ion it is preferable to make adjustments so that the viscosity, solid portion concentration 

25 (the wci^: ccv*.— ' r tno total quantity of the pigment and the fine polymer particle noted above), and the quan- 
tities ct cthc ccriiof^ c components other than the pigment, the solvent and fine polymer particle), such as the 
penetrating rtge^i noito -t'O^c contained in the various colors of ink, be nearly identical between the various colors 
of ink rrsp.vtivpiv >• fr *^ n- m mmizing ink property differences from one color to another, of enhancing print quality 
and discharge s:*h»i ty air: o! facilitating control of head drive voltages and drive frequencies or the like. In the ink jet 

30 recording ink sets o* mc p'eseni invention, because certain quantities of the fine polymer particle are contained in the 
light color inks wheem mc quantity of the pigment contained is relatively small, and the viscosity tends to become 
relatively low and beca jsc the fine polymer particle are either not contained, or are contained in a quantity that is less 
than that in the hqht color nks in the dark color inks, wherein the quantity of the pigment contained is relatively large, 
and the viscosity lords to become relatively high, there is not very much difference of viscosity or solid portion con- 

35 centration between the light calo- inks and the dark color inks, whereupon the adjustments noted above can be made 
easily. 

[0074] When preparing the inks according to the present invention, the coarse particle is preferably removed. It is 
desirable that the ink obtained by mixing the components noted in the foregoing together be filtered through a membrane 
filter or mesh filter or the l^e lo remove all particles having its size of 1 u.m or larger, and preferably 0.5 u.m or larger. 

40 By performing such a p-occss the ink is obtained which do not induce nozzle clogging. 

[0075] The ink jet recording ink set of the present invention, in like manner as conventional ink sets of this type, can 
be mounted onto mk jot recorcmg apparatuses (ink jet printers), and form the text and/orthe image on both the ordinary 
paper and the special paper with one and the same system. In this case the dark color inks of the plurality of colors 
are mainly used for the orcinary paper, and the light color inks of the plurality of colors are mainly used for the special 

45 paper. More specifically, the dark color inks of the plurality of colors which is used for the ordinary paper preferably 
constitute 60% or more, and more preferably 70% or more, relative to the total volume of the ink discharged on the 
ordinary paper. The light color inks of the plurality of colors used for the special paper preferably constitute 60% or 
more, and more preferably 70% or more, relative to the total volume of the ink discharged on the special paper. By 
employing the ink jet recording ink set of the present invention in this manner, it is possible therewith to form the text 

so and/or the image exhibiting excellent color production on either the ordinary paper or the special paper. Also, because 
the fine polymer particle are contained in prescribed quantities in the light color inks of the plurality of colors used 
mainly for the special paper (that quantity being greater than in the dark color inks), the text and/or the image having 
excellent smear resistance can be formed on the special paper. 

[0076] In the ink jet recording apparatus noted above, a driver is also mounted. By switching the settings of this 
55 driver, the text and/or the image can be formed on both the ordinary paper and the special paper with one and the 
same recording apparatus. More specifically, it is possible to switch the driver settings and select either the ordinary 
paper or the special paper according to the customer need. 
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[Embodiments] 

[0077] The present invention is now described specifically in conjunction with embodiments, but these embodiments 
do not limit the scope of the present invention. 

[0078] Examples *. 2. and 3 are embodiments of ink jet recording ink sets of the present invention. Comparative 
examples 1 to 3 are comparative examples wherein the quantity bf the fine polymer particle (emulsion) contained is 
outside the range de ; ined in the present invention. Comparative example 4 is a comparative example wherein the solid 
portion of each color of ink in the light color and dark color inks is outside the range defined in the present invention. 
Examples 4 and 5 a-e embodiments of the ink jet recording method of the present invention. Comparative examples 
5 to 9 are comparative examples of ink jet recording methods. 

[0079] In the examples described below, "parts" and "%" represent parts by weight and wt%, unless otherwise noted. 
(Example t) 

[0080] Using self-dispersing pigments obtained according to the "One Method of Preparing Self-Dispersing Pig- 
ments" which is descrited in the foregoing, and emulsions A to D obtained by the "Emulsion Preparation" described 
below, pigment inks of eight colors having the compositions noted below were prepared. Thus were obtained four 
colors of pigment inks for the light color inks, namely light black (Lk), light cyan (Lc) ; light magenta (Lm) and light yellow 
(Ly), and four colors or pigment inks for the dark color inks, namely black (K), cyan (C), magenta (M), and yellow (Y). 

(Emulsion Preparation) 

[0081] Emulsions A to D having fine polymer particle as the dispersing material were obtained by the "one method 
of preparing emulsions' given above. The compositions of the monomer solutions and reaction solutions used in the 
preparation are given in Table 1 below. 
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[Table 1] 



(Units: parts by weight) 









Emulsion 


5 




Component 


A 


B 


c 


D 






Sodium lauryl 


0.05 


0.05 


0.05 


0.05 






sulfate 










10 




Glycidoxy 
acrylate 


4 


• 


■ 


• 


D 


Tetrahydrofurf 
uryl acrylate 


6 


• 


• 


• 




omer 


Butyl 

1116 LildCI yiaLc 


c 
O 




1 0 




15 


o 


1 t/f»S rlnV X/ 
oiyu. uu .a. y 

m fl^Kao v u 1 a ^ a 

luetiioCiyia ue 






2 






utio 


Benzyl 

methacrylate 


m 


■ 


16 


■ 






Styrene 


e 
O 


i. u 


i o 


1 o 


20 




U UOQCCyJL 

itiercaptan 


0 . 02 


0 . 02 


0 02 


0 . 02 






Ion exchancfe 


7 


7 


7 


7 






water 














Sodiun lauryl 


0.2 


0.2 


0.2 


0.2 


25 




sulfate 














Styrene 


30 


35 


30 


30 






Butyl 

methacrylate 


25 


■ 


15 


15 


30 




Butyl acrylate 


6 


• 25 


* 






Acrylic acid 


2 


10 


10 


• 




CD 

o 


1, 6-hexanediol 












rr 


dimethacrylate 


1 


m 


1 




35 


on liqui 


Dipentaerythr i 
tol 

hexamethacryla 
te • 


■ 




■ 


1 

! 






t-dodecyl 
mercaotan 


0.5 


0.5 


0.5 


0.6 


40 




Acrvlamide 

... * t 




1 


• 








Triefchanol 














propane 
trinethacrylat 


• 


■ 


1 


• 






e 













<Light black ink composition> 


50 


Carbon black (#990, Mitsubishi Chemical Corp) 


1 .5% 


Emulsion B (fine polymer particle concentration) 


5.0% 




Compound expressed by general formula (1) above 


5.0% 




(wherein R is a methylisobutyl carbinol group, n = 1 .5, and addition is made in order of PO, EO.) 


m = 5 ; 




Dipropylene glycol 


5.0% 


55 


Surfynol TG 


1 .2% 




Triethanolamine 


0.1% 




Ion exchange water 


balance 
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(continued) 



<Light black ink composition 



Total 



1 00% 



<Light cyan ink composition> 



10 



15 



Copper phthalccyanine (Clariant (Japan) K.K.) 0.7% Emulsion D (fine polymer particle concentration) 
DEGmBE 
1 ,6-hexanediol 
Tripropylene glycol 
Surfynol 104 
Surfynol 465 
Ion exchange water 
Total 



5.5% 
10.0% 
5.0% 
2.0% 
0.8% 
0.4% 
balance 
100% 



20 


<Light magenta ink composition> 




Dimethyl quinacridone (Clariant (Japan) K.K.) 


0.5% 




DPGmBE 


2.0% 




DEGmBE 


10.0% 


25 


Emulsion B (fine polymer particle concentration) 


2.0% 




Emulsion D (fine polymer particle concentration) 


3.5% 




Neopentyl glycol 


5.0% 




Surfynol TG 


0.5% 




Surfynol 104 


0.5% 


30 


Ion exchange water 


balance 




Total 


100% 



<Light yellow ink composition> 


Diketopyrrolopyrrole (Clariant (Japan) K.K.) 


0.6% 


Emulsion B (fine polymer particle concentration) 


3.5% 


Emulsion C (fine polymer particle concentration) 


2.5% 


Compound expressed by a general formula (I) above 


2.5% 


(wherein R is an isooctanol group, m = 6, n = 2, and addition is made in order of EO, PO.) 


DEGmtB 


5.0% 


DEGmBE 


2.0% 


Diethyl ene glycol 


5.0% 


Tetrapropylene glycol 


5.0% 


Olfin E1010 


1 .0% 


Ion exchange water 


balance 


Total 


100% 



50 



<Black ink composition> 


Carbon black 


8.0% 


(Raven C, Colombian Carbon) Emulsion A (fine polymer particle concentration) 


2.0% 


PGmBE 


5.0% 


DEGmBE 


7.0% 


Glycerin 


6.0% 
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(continued) 




<Black ink composition 


1 ,5-pentanediol 




5.0% 


Olfin E1010 




1.0% 


Triethanolamine 




0.2% 


Ion exchange water 




balance 


Total 




100% 



10 





<Cyan ink composition> 




Copper phthalocyanine (Clariant (Japan) K.K.) 


6.0% 


15 


Emulsion C (fine polymer particle concentration) 


3.0% 


PGmBE 


5.0% 




DEGmBE 


10.0% 




Propylene glycol 


7.0% 




Triethylene glycol 


3.0% 


20 


1 ,6-hexanediol 


5.0% 




Surfynol TG 


0.4% 




Potassium hydroxide 


0.1% 




Ion exchange water 


balance 




Total 


100% 


25 












<Magenta ink composition> 




Dimethyl quinacridone (Clariant (Japan) K.K.) 


8.0% 


30 


Emulsion A (fine polymer particle concentration) 


0.5% 




Emulsion D (fine polymer particle concentration) 


0.5% 




PGmBE , 


5.0% 




DEGmBE 


10.0% 


35 


2-pyrrolidone 


3.0% 




Trimethylol propane 


3.0% 




Surfynol TG 


1 .2% 




Triethanolamine 


0.9% 




Ion exchange water 


balance 


40 


Total 


100% 



<Yellow ink composition> 


Diketopyrrolopyrrole (Clariant (Japan) K.K.) 


7.5% 


Emulsion A (fine polymer particle concentration) 


0.5% 


Emulsion B (fine polymer particle concentration) 


0.5% 


TEGmBE 


10.0% 


Glycerin 


5.0% 


Trimethylol propane 


5.0% 


Trimethylol ethane 


5.0% 


Olfin E1010 


1.0% 


Surfynol TG 


0.6% 


Triethanolamine 


0.9% 


Ion exchange water 


balance 


Total 


100% 
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[Example 2] 

[0082] An ink set 2 was obtained comprising 8 colors of pigment ink having the same composition as in ink set 1 
except that the four colors of the dark color inks of ink set 1 of Example 1 do not contain an emulsion (fine polymer 
particles). 

[Example 3] 

[0083] An in< so: :■ r'cpnrcd n r. similar procedure as in Example 1 , comprising 8 colors of pigment inks having 

the compositions no i.- j : vow 



<Light black r * . 


;»o.-»»lion> 






Carbon bla;> = * • 


V :>jD«shi Chemical Corp) 




1 .5% 


Emulsion E 0*-** . 


p. iMtcle concentration) 




7.0% 


Compound cxp'c * 


: : . r-t- •j.-'vi formula (1) above 




5.0% 


(whe-ein R is <i r.. • 


'v * e ft - • TOup, m = 5, n = 


1 .5, and addition is made in order of PO, EO.) 


Diprcpylene gycc 






5.0% 


Surfynoi TG 






1 .2% 


Triethanolaminc 






0.1% 


Ion exchange wa:cr 






balance 


Total 






100% 



<Liqht cyan ink composition> 


Copocr phtnalocyanine (Ciariant (Japan) K.K.) 


0.7% 


Emulsion D (line polymer particle concentration) 


5.5% 


DEGmBE 


10.0% 


1 ,6-hexanediol 


5.0% 


Tripropylene glycol 


2.0% 


Surfynoi 104 


0.8% 


Surfynoi 455 


0.4% 


Ion exchange water 


balance 


Total 


100% 




<Light magenta ink composition> 


Dimethyl quinacridone (Ciariant (Japan) K.K.) 


0.5% 


DPGmBE 


2.0% 


DEGmBE 


10.0% 


Emulsion B (fine polymer particle concentration) 


4.0% 


Emulsion D (fine polymer particle concentration) 


3.5% 


Neopentyl glycol 


5.0% 


Surfynoi TG 


0.5% 


Surfynoi 104 


0.5% 


ton exchange water 


balance 


Total 


100% 



<Light yellow ink composition> 
Diketopyrrolopyrrole (Ciariant (Japan) K.K.) 
Emulsion B (fine polymer particle concentration) 
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(continued) 



<Light yellow ink composition> 


Emulsion C (fine polymer particle concentration) 


3.5% 


Compound expressed by the general formula (I) above 


2.5% 


(wherein R is an isooctanol group, m = 6, n = 2, and addition is made in order of EO, PO.) 


DEGmtB 


5.0% 


DEGmBE 


2.0% 


Diethylene glycol 


5.0% 


Tetrapropylene glycol 


5.0% 


Olfin E1010 


1 .0% 


Ion exchange water 


balance 


Total 


100% 



<Black ink composition> 


Carbon black (Raven C, Columbian Carbon) 


8 0% 


Emulsion A (fine polymer particle concentration) 


1 0% 


PGmBE 


5 0% 


DEGmBE 


7 0% 


Glycerin 


6 0% 


1 ,5-pentanediol 


5 0% 


Olfin E1010 


1 .0% 


Triethanolamine 


0 2% 


Ion exchange water 


balance 


Total 


100% 




<Cyan ink composition> 


Copper phthalocyanine (Clariant (Japan) K.K.) 


6.0% 


Emulsion C (fine polymer particle concentration) 


" 1.0% 


PGmBE 


5 0% 


DEGmBE 


10 0% 


Propylene glycol 


7.0% 


Triethylene glycol 


3 0% 


1, 6-hexanediol 


5.0% 


Surfynol TG 


04% 


Potassium hydroxide 


0.1% 


Ion exchange water 


balance 


Total 


100% 




<Magenta ink composition> 


Dimethyl quinacridone (Clariant (Japan) K.K.) 


8.0% 


Emulsion A (fine polymer particle concentration) 


0.5% 


Emulsion D (fine polymer particle concentration) 


0.5% 


PGmBE 


5.0% 


DEGmBE 


10.0% 


2-pyrrolidone 


3.0% 


Trimethylol propane 


3.0% 


Surfynol TG 


1.2% 
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(continued) 



<Magenta ink composition 


Triethanolamine 


0.9 


Ion exchange water 


balance 


Total 


100% 




<Yellow ink composition> 


Diketopyrrolopyrrole (Clariant (Japan) K.K.) 


6.5% 


Emulsion A (fine polymer particle concentration) 


0.5% 


Emulsion B (fine polymer particle concentration) 


0.5% 


TEGmBE 


10.0% 


Glycerin 


5.0% 


Trimethylol propane 


5.0% 


Trimcthylol ethane 


5.0% 


Olfin E1010 


1.0% 


Surfynol TG 


0.6% 


Triethanolamine 


0.9% 


Ion exchange water 


balance 


Total 


100% 



[Comparative Example 1] 

[0084] An ink set 4 was obtained which comprises 8 colors of pigment inks having the same compositions as ink set 
1 of Example 1 , except that all of the inks of the ink set 1 contain no emulsion (fine polymer particle). 

[Comparative Example 2] 

[0085] An ink set 5 was obtained which comprises 8 colors of pigment inks having the same compositions as ink set 
1 of Example 1 , except that the respective quantities (concentrations) of emulsions (fine polymer particle) contained 
in the inks of the ink set 1 were made as noted below. 

Light black ink: 

Emulsion B (fine polymer particle concentration) 0% 
Light cyan ink: 

Emulsion D (fine polymer particle concentration) 0% 
Light magenta ink: 

Emulsion B (fine polymer particle concentration) 0% 

Emulsion D (fine polymer particle concentration) 0% 
Light yellow ink: 

Emulsion B (fine polymer particle concentration) 0% 

Emulsion C (fine polymer particle concentration) 0% 
Black ink: 

Emulsion A (fine polymer particle concentration^. 5% 
Cyan ink: 

Emulsion C (fine polymer particle concentration) 0.5% 
Magenta ink: 

Emulsion A (fine polymer particle concentration)0.2% 
Emulsion D (fine polymer particle concentration)0.3% 
Yellow ink: 

Emulsion A (fine polymer particle concentration)0.3% 
Emulsion B (fine polymer particle concentration)0.1% 
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[Comparative Example 3] 



[0086] An ink set 6 was obtained which comprises 8 colors of pigment inks having the same compositions as ink set 
1 in Example 1 . except that the respective quantities (concentrations) of emulsions (fine polymer particle) contained 
5 in the inks in the ink set 1 were made as noted below. 



10 



15 



20 



25 



35 



40 



45 



Light black ink 

Emulsion B it.nc polymer particle concentration^. 1% 
Light cyan ink 

• pciymcr particle concentration)0.1% 



cofymer particle concentration^. 1% 
pciymcr particle concentration^. 1% 



particle concentration^. 1% 
;-,•»■: c c concentration^. 1% 



Emulsion C 
Light magenu >r> 
Emulsion i : . 
Emulsion C 
Light yellow ink 
Emulsion b 
Emulsion C 
Black ink: 

Emulsion A 0 *k po'v^c pa':»ac concentration)0.5% 
Cyan ink: 

Emulsion C (Imc phytic pri-tn. c concentration)0.5% 
Magenta ink: 

Emulsion A (ftne polymer particle concontration)0.2% 
Emulsion D (fine pciymcr palic c concentration)0.3% 
Yellow ink: 

Emulsion A (fine polymer particle concentration)0.3% 
Emulsion B (fine polymer particle concentration)0.3% 

[Comparative Example 4| 

30 [0087] An ink set 7 was obtained which comprises 8 colors of pigment inks having the same compositions as ink set 
1 , except that the respective quantities (concentrations) of emulsions (fine polymer particles) contained in the inks in 
ink set 1 of Example 3 were made as noted below. 



<Light black ink composition> 



Carbon black (#990. Mitsubishi Chemical Corp) 
Emulsion B (fine polymer particle concentration) 
Compound expressed by general formula (I) above, 

(wherein R is a methylisobutyl carbinol group, n = 1 .5 : and addition is made in order of PO, EO 
Dipropylene glycol 
Surfynol TG 
Triethanolamine 
Ion exchange water 
Total 



1 .5% 
7.0% 
5.0% 
m = 5 : 
5.0% 
1 .2% 
0.1% 
balance 
. 100% 
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<Light cyan ink composition> 


Copper phthalocyanine (Clariant (Japan) K.K.) 


0.7% 


Emulsion D (fine polymer particle concentration) 


5.5% 


DEGmBE 


10.0% 


1,6-hexanediol 


5.0% 


Tripropylene glycol 


2.0% 


Surfynol 104 


0.8% 


Surfynol 465 


0.4% 


Ion exchange water 


balance 
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(continued) 



<Light cyan ink composition> 



Total 



100% 



<Light magenta ink composition> 


Dimethyl quinacridone {Clariant (Japan) K.K.) 


0.5% 


DPGmBE 


2.0% 


DEGmBE 


10.0% 


Emulsion B (fine polymer particle concentration) 


4.0% 


Emulsion D (fine polymer particle concentration) 


3.5% 


Neopentyl glycol 


5.0% 


Surfynol TG 


0.5% 


! Surfynol 104 


0.5% 


• ion exchange water 


balance 


Total 


100% 



• . a composition> 


: • • . . ryroio (Clariant (Japan) K.K.) 


0.6% 


- * ~c polymer particle concentration) 


3.5% 


" t polymer particle concentration) 


2.5% 


:\- : .-■:•» ^s?od by general formula (I) above 


2.5% 


(A' c-v • M >? n-. isoocianol group, m = 6. n = 2 ; and addition is made in order of EO, PO.) 




5.0% 


DEO^B: 


2.0% 


Dietnyone q'/CC-l 


5.0% 


TclMpropyionc glycol 


5.0% 


Ollm E 1010 


1.0% 


Ion exchange watc 


balance 


Total 


100% 



<3lack ink r.r>-np3Si:ion> 


Carbon black 


6.0% 


(Raven C Colombian Carbon) Emulsion A (fine polymer particle concentration) 


0.5% 


PGmBE 


5.0%- 


.DEGmBE 


7.0% 


Glycerin 


6.0% 


1 .5-pentaned ol 


5.0% 


Olffr. E1010 


1.0% 


Triethanolamme 


0.2% 


Ion exenange water 


balance 


Total 


100% 



<Cyan ink composition> 


Copper phthalocyanine (Clariant (Japan) K.K.) 


6.0% 


Emulsion C (fine polymer particle concentration) 


1 .5% 


PGmBE 


5.0% 
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(continued) 




<Cyan ink composition> 


DEGmBE 


10.0% 


Propylene glycol 


7.0% 


Triethylene glycol 


3.0% 


1 ; 6-hexanediol 


5.0% 


SurfynolTG 


0.4% 


Potassium hydroxide 


0.1% 


Ion exchange water 


balance 


Total 


100% 



<Magenta ink composition> 


Dimethyl quinacridone (Clariant (Japan) K.K.) 


8.0% 


Emulsion A (fine polymer particle concentration) 


1.0% 


Emulsion D (fine polymer particle concentration) 


1.0% 


PGmBE 


5.0% 


DEGmBE 


10.0% 


2-pyrrolidone 


3.0% 


Trimethylol propane 


3.0% 


Surfynol TG 


1.2% 


Triethanolamine 


0.9% 


Ion exchange water 


balance 


Total 


100% 



<Yellow ink composition> 


Diketopyrrolopyrrole (Clariant (Japan) K.K.) 


7.5% 


Emulsion A (fine polymer particle concentration) 


1 .0% 


Emulsion B (fine polymer particle concentration) 


1 .0% 


TEGmBE 


10.0% 


Glycerin 


5.0% 


Trimethylol propane 


5.0% 


Trimethylol ethane 


5.0% 


Olfin E1010 


1.0% 


Surfynol TG 


0.6% 


Triethanolamine 


0.9% 


Ion exchange water 


balance 


Total ' 


100% 



[Example 4] 

[0088] The viscosity in each of the inks in ink set 1 at a temperature of 20°C was adjustedto4to5mPa-s, respectively, 
while varying the added quantities of glycols, diols or glycerin having humectant effect. Then ink set 1 was loaded into 
an ink jet printer (product name "PM750C," made by Seiko-Epson). This ink set 1 was used to produce printed image, 
performing test printings in each respective color so that for the ordinary paper 70% of the total quantity of ink dis- 
charged on this ordinary paper was comprised of the four colors of the dark color inks (with the remainder comprised 
of the four colors of the light color inks), and so that for special paper 70% of the total quantity of ink discharged on 
the special paper was comprised of the four colors of the light color inks (with the remainder comprised of the four 
colors of the dark color inks). 
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[Example 5] 

[0089] Printed image was produced in a similar procedure as Example 4 except that the ink set 2 of Example 2 was 
used instead of the ink set 1 of Example 1 . 

[Comparative Example 5] 

[0090] Printed image was produced as in Example 4 except that the ink set 4 of comparative example 1 was used 
instead of the ink set 1 of. Example 1 . 

[Comparative Example 6] 

[0091 ] Printed image was produced as in Example 4 except that the ink set 5 of comparative example 2 was used 
instead of the ink set 1 of Example 1 . 

[Comparative Example 7] 

[0092] Printed image was produced as in Example 4 except that the ink set 6 of comparative example 3 was used 
instead of the ink set 1 of Example 1 . 

[Comparative Example 8] 

[0093] Printed image was produced as in Example 4 except that ink set 1 was used so that, in Example 4, for the 
ordinary paper, 50% of the total quantity of ink discharged on this ordinary paper was comprised of the four colors of 
the light color inks (with the remainder being the four colors of the dark color inks), and so that, for the special paper, 
50% of the total quantity of ink discharged on this special paper was comprised of the four colors of the dark color inks 
(with the remainder being the four colors of the light color inks). 

[Comparative Example 9] 

[0094] Printed image was produced as in Example 5 except that ink set 2 was used so that, in Example 5. for ordinary 
paper. 70% of the total quantity of ink discharged on this ordinary paper was comprised of the four colors of the light 
color inks (with the remainder being the four colors of the dark color inks), and so that, for the special paper, 70% of 
the total quantity of ink discharged on this special paper was comprised of the four colors of the dark color inks (with 
the remainder being the four colors of the light color inks). 

[0095] The ink viscosity matching and ink discharge characteristics in Examples 1 , 2, and 3 (ink sets 1 , 2, and 3) 
and comparative examples 1 to 4 (ink sets 4 to 7) were evaluated as noted below. The results are given in Table 2 below. 

(Ink viscosity matching evaluation) 

[0096] The variation in viscosity between the various colors of inks in the ink sets was evaluated by taking viscosity 
ratios. These evaluations were done according to the following evaluation criteria. 

(Evaluation criteria) 
[0097] 

A: Good (viscosity ratio within ±5%). 

B: Practical level (viscosity ratio within ±10%). 

C: Not practical level (viscosity ratio within ±15%). 

D: Far from practical level (viscosity ratio exceeds ±15%). 

Evaluation of ink discharge characteristics^ 

[0098] Prescribed patterns were printed and, while visually inspecting these patterns to detect the presence of printing 
discrepancies for each color, such discharge control signals as the discharge voltage and discharge frequency of the 
printer were controlled as necessary, and the ink discharge characteristics at that time were evaluated. These evalu- 
ations were made according to the following evaluation criteria. 
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<Evaluation criteria> 
[0099] 

A: Good {possible to effect discharge control with same system) 

B: Practical level (requires a little control) 

C Not practical level (requires much control) 

D Fnr iror-i critical level (requires circuitry of a separate system) 



[Table 2] 





Ink set 


Ink viscosity matching 


Ink discharge characteristics 




1 


A 


A 




2 


A 


A 




3 


A 


A 


i • ' • •jxrimple 1 


4 


B 


B 


r *c rxdmple 2 


5 


C 


C 


x 1 oxample 3 


6 


D 


D 


j**mplc 4 


7 


D 


D 



[0100) Co • • - md snear resistance were evaluated in the printed images obtained from Examples 4 and 

5 and compn-.t' v = i.rrci 6 to 9 by the methods described below. The results are listed in Table 3 below. 

<Colof product i v. \ „.x\tjr mcthcd> 

[0101] lesi pMn:.-^ wee aonc as described above on the ordinary paper (product name: "Xerox P," made by Xerox) 
and the specim pnpc .soscni glossy paper for use in Epson printers), respectively. The printed images obtained 
thercwitn was aiicwea :c s:and lor 24 hours in an environment of 25°C temperature and 50% relative humidity. Then, 
using an optical cJcn&ttumcicr (model "SPM-50" made by Grelag). the optical density (OD) of the black (Lk and K) test 
printings was ricnbucj mid fic color saturation (C w ) cf the color (Lc. Lm ; Ly, C, M, and Y) test printings was measured. 
These wore then evniudted according to the following evaluation criteria, respectively. 

(Evaluation cnicririi 

[0102] 

A: Ordinary paper OD '* 1 3 and C w > 50. 

Special paper OD > 1 5 and C w > 60. 

Color production good 
B: Ordinary paper 1 .3 > OD > 1 .2 and 50 > C w > 40. 

Special paper. 1 .5 > OD > 1 .3 and 60 > C w > 50. 

Color production no problem. 
C: Ordinary paper OD < 1 .2 and/or C w < 40. 

Special paper: OD < 1 .3 and/or C w < 50. 

Not suitable for practical use. 

<Smear resistance evaluation method> 

[0103] On the surfaces of each of the test printings in printed images obtained by test-printing on the ordinary paper 
(product name: "Xerox P" made by Xerox Japan) and the special paper (product name "Superfine Senyoshi," made 
by Seiko-Epson), respectively, a rubber eraser (width = 20 mm) was secured at an angle of inclination of 60°, a load 
of 1 kg was placed thereon . and the eraser was rubbed back and forth 1 0 times over the text printing. A visual inspection 
was then made of the resulting condition of each test printing surface, and evaluations were made according to the 
following evaluation criteria. 
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(Evaluation criteria) 
[0104] 

A: No scratches or peeling in print surface; smear resistance good, 

B: Scratches in print surface; no problems in practice use 

C: Peeling developed in print surface; not suitable for practical use 



10 



15 



20 



25 



30 



35 



40 



[Table 3] 





Ink set 


Color production Ordinary paper Special 
paper 


Smear resistance Ordinary paper Special 
paper 


Example 4 


4 


A 


A 


A 


A 


Example 5 


5 


A 


A 


B 


A 


Comparative 
example 5 


4 


A 


A 


B 


C 


Comparative 
example 6 


5 


A 


A 


B 


C 


Comparative 
example 7 


6 


A 


A 


A 


C 


Comparative 
example 8 


1 


B 


A 


A 


C 


Comparative 
example 9 


2 


C 


A 


B 


C 



[0105] As can be evident from Table 2, the ink sets in Examples 1, 2, and 3 (i.e. the ink sets 1, 2, and 3) exhibit 
excellent ink viscosity matching and ink discharge characteristics compared to the ink sets in comparative examples 
1 to 4 (i.e. the ink sets 4 to 7). It can be seen that the ink sets in comparative examples 2, 3, and 4 (i.e. the ink sets 5, 
6, and 7) are inferior in terms of ink viscosity matching and ink discharge characteristics, and that it is difficult to perform 
ink discharge control. 

[0106] As can be evident from the results indicated in Table 3, furthermore, the printed image in Examples 4 and 5 
is superior to that in comparative examples 5 to 9 in terms of color production and smear resistance. 
[01 07] The resent invention is not limited to the specifically disclosed embodiments, and variation and modifications 
may bo made without departing from the scope of the present invention. 

[0108] The present invention is based on Japanese priority applications No. 2000-1 1 6787 filed on April 1 8, 2000 and 
No. 2001 -106996 filed on April 6, 2001 , the entire contents of which are hereby incorporated by reference. 



45 



50 



55 



Claims 

1. An ink jet recording ink set comprising: 

light color inks of a plurality of colors, each of the light color inks having at least a pigment, a solvent and a 
fine polymer particle; and 

dark color inks of a plurality of colors, each of the dark color inks having at least a pigment and a solvent, 

wherein said each of the dark color inks either do not contain a fine polymer particle or contain a fine polymer 
particle in smaller quantity than said light color inks. 

2. The ink set recording ink set according to claim 1 , wherein said light color inks of the plurality of colors include a 
light cyan ink, a light magenta ink and a yellow ink, and said dark color inks of the plurality of colors include a black 
ink, a cyan ink and a magenta ink. 

3. The ink jet recording ink set according to claim 1 , wherein said light color inks of the plurality of colors include a 
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light cyan ink. a light magenta ink and a yellow ink, and said dark color inks of the plurality of colors include a black 
ink, a cyan ink, a magenta ink and a dark yellow ink. 

4. The ink jet recording ink set according to claim 1 , wherein said light color inks of the plurality of colors include a 
5 light black ink, a light cyan ink, a light magenta ink and a yellow ink, and said dark color inks of the plurality of 

colors include a black ink, a cyan ink and a magenta ink. 

5. The ink jet recording ink set according to claim 1 . wherein said light color inks of the plurality of colors include a 
light black ink, a light cyan ink, a light magenta ink and a yellow ink, and said dark color inks of the plurality of 

10 colors include a black ink, a cyan ink, a magenta ink and a dark yellow ink. 

6. The ink jet recording ink set according to claim 1 , wherein said light color inks contain said fine polymer particle 
in a quantity of from 0.5 to 1 0 wt%, and said dark color inks contain said fine polymer particle in a quantity of from 
0 to 5 wt%. 

15 

7. The ink jet recording ink set according to claim 1 , wherein an average particle size of said fine polymer particle is 
between 50 and 250 nm. 

8. The ink jet recording ink set according to claim 1 wherein surface tension of said dark color inks and said light 
20 color inks is between 28 and 40 mN/m. 

9. The ink jet recording ink set according to claim 1 wherein said dark color inks and said light color inks also contain 
an acetylene glycol surfactant, and a quantity of said acetylene glycol surfactant contained is between 0.5 and 3 
wt%. 

25 

10. The ink jet recording ink set according to claim 1, wherein said dark color inks and said light color inks further 
contain one or more penetrating agents selected from the group consisting of diethylene glycol mono-n-butyl ether, 
diethylene glycol mono-t-butyl ether, triethylene glycol mono-n-butyl ether, propylene glycol mono-n-butyl ether, 
dipropylene glycol mono-n-butyl ether, and a compound expressed by the following formula (I), and a quantity of 

30 said penetrating agents contained is between 1 and 20 wt%: 

RO-(PO) m -(EO) n -H (I) 

35 wherein R represents an alkyl group having 4 to 10 carbons, PO represents a propyleneoxy group, EO represents 

an ethyleneoxy group, m > 1 , n > 0, and m + n < 20. 

1 1 . The ink jet recording ink set according to claim 1 , wherein said pigment is self-dispersing pigment and/or dispersant 
dispersing pigment. 

40 

12. The ink jet recording ink set according to claim 11, wherein said self-dispersing pigment has in a surface thereof 
one or more functional groups selected from the group consisting of a carboxyl group, a carbonyl group, a hydroxyl 
group, and a sulfonic acid group. 

45 13. The ink jet recording ink set according to claim 1 , wherein total quantities of said pigment and said fine polymer 
particle contained in said dark color and said light color inks are between 5 and 15 wt%, respectively 

14. The ink jet recording ink set according to claim 1 wherein said dark color inks of the plurality of colors are recorded 
mainly for an ordinary paper and said light color inks of the plurality of colors are recorded mainly for a special ink 

50 jet recording paper. 

15. An ink jet recording ink set comprising: 

light color inks of a plurality of colors, each of the light color inks having a pigment, a solvent and a fine polymer 
55 particle; and 

dark color inks of a plurality of colors, each color of said dark color corresponding to the same color hue of 
each color of said light color and each of said dark color inks having a pigment and a solvent or having a 
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pigment, a solvent and a fine polymer particle, wherein said ink recording Ink set has a relationship expressed 
by the following formula: 

0.8-X<Y<1.2-X 

wherein when pigments and fine polymer particles are assumed to be solids, a weight percentage of said 
solids of said light color inks is given by X %, and a weight percentage of said solids in said dark color inks of 
same color hue as a color of said light color inks is given by Y%. 

10 

16. The ink jet recording ink set according to claim 15, wherein said light color inks of the plurality of colors include a 
light black ink, a light cyan ink, a light magenta ink and a light yellow ink, and said dark color inks of the plurality 
of colors include a black ink, a cyan ink, a magenta ink and a yellow ink. 

15 17. The ink jet recording ink set according to claim 15, wherein said light color inks contain said fine polymer particle 
in a quantity of from 0.5 to 10 wt% and said dark color inks contain said fine polymer particle in a quantity of from 
0 to 5 wt%. 

18. The ink jet recording ink set according to claim 15, wherein an average particle size of said fine polymer particle 
20 is between 50 and 250 nm. 

19. The ink jet recording ink set according to claim 15, wherein surface tension of said dark color inks and said light 
color inks are between 28 and 40 mN/m. 

25 20. The ink jet recording ink set according to claim 15, wherein said dark color inks and said light color inks also contain 
an acetylene glycol surfactant, and a quantity of said acetylene glycol surfactant contained is between 0.5 and 3 
wt%. 

21. The ink jet recording ink set according to claim 15, wherein said dark color inks and said light color inks further 
30 contain one or more penetrating agents selected from the group consisting of diethylene glycol mono-n-butyl ether, 

diethylene glycol mono-t-butyl ether, triethylene glycol mono-n-butyl ether, propylene glycol mono-n-butyl ether, 
dipropylene glycol mono-n-butyl ether, and a compound expressed by the following formula (I), and a quantity of 
said penetrating agents contained is between 1 and 20 wt%: 

35 RO-(PO) m -(EO) n -H (I) 

wherein R represents an alkyl group having 4 to 10 carbons, PO represents a propyleneoxy group, EO represents 
an ethyleneoxy group, m > 1 , n > 0 : and m + n < 20. 

40 

22. The ink jet recording ink set according to claim 15, wherein said pigment is self-dispersing pigment and/or disper- 
sant dispersing pigment. 

23. The ink jet recording ink set according to claim 22, wherein said self-dispersing pigment has in a surface thereof 
45 one or more functional groups selected from the group consisting of acarboxyl group, a carbonyl group, a hydroxyl 

group and a sulfonic acid group. 

24. The ink jet recording ink set according to claim 15, wherein total quantities of said pigment and said fine polymer 
particle contained in said dark color and said light color inks are between 5 and 15 wt%, respectively. 

50 

25. The ink jet recording ink set according to claim 1 5, wherein said dark color inks of the plurality of colors are mainly 
recorded on an ordinary paper, and said light color inks of the plurality of colors are mainly recorded on a special 
ink jet recording paper. 

5 5 26. The ink jet recording ink set according to claim 1 5 wherein said dark color inks in said plurality of colors are mainly 
recorded on ordinary paper, and said light color inks in said plurality of colors are mainly recorded on special ink 
jet recording paper. 
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27. An ink jet recording method for forming a text and/or an image on an ordinary paper or a special ink jet recording 
paper by the use of an ink jet recording ink set according to claim 1 , said method comprising the steps of: 

mainly providing said dark color inks of the plurality of colors on said ordinary paper; and 
5 mainly providing said light color inks of the plurality of colors on said special ink jet recording paper. 

28. An ink jet recording method for forming a text and/or an image on an ordinary paper or a special ink jet recording 
paper by the use of an ink jet recording ink set according to claim 15, said method comprising the steps of: 

mainly providing said dark color inks of the plurality of colors on said ordinary paper; and mainly providing 
10 said light color inks of the plurality of colors on said special ink jet recording paper. 

29. An ink jet recording method for forming a text and/or an image on an ordinary paper or a special ink jet recording 
paper by the use of an ink jet recording ink set according to claim 1 , said method comprising the step of: 

switching a recording mode by a setting of a driver mounted in an ink jet recording device such said dark 
is color inks are used mainly on said ordinary paper and said light color inks are used mainly on said special ink jet 

recording paper. 

30. An ink jet recording method for forming a text and/or an image on an ordinary paper or a special ink jet recording 
paper by the use of an ink jet recording ink set according to claim 15, said method comprising the step of: 

20 switching a recording mode by a setting of a driver mounted in an ink jet recording apparatus such said dark 

color inks are used mainly on said ordinary paper and said light color inks are used mainly on said special ink jet 
recording paper. 

31. An ink jot recording apparatus in which a text and/or an images are formed on an ordinary paper or a special ink 
25 jet recording paper, comprising said ink jet recording ink set according to claim 1 . 

32. An ink jet recording apparatus in which a text and/or an images are formed on an ordinary paper or a special ink 
jet recording paper, comprising said ink jet recording ink set according to claim 15. 

30 33. A recorded image obtainable by the ink jet recording method according to claim 27. 

34. A recorded image obtainable by the ink jet recording method according to claim 28. 
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